Abstract
Findings
There were a number of drivers for the introduction of CDSS, including instigation from individual clinicians and initiatives at policy level. A key element for the successful introduction of technology such as CDSS was clinician engagement. However, also seen as important for successfully implementation of an IT system are other factors such as the need for adequate resources, characteristics of the system itself and adequate training. Other key issues are a supportive environment and the desire to improve continually the quality of patient services.
Conclusions
For nurses to use CDSS successfully, engagement by clinicians in the procurement and implementation of systems is useful. However, the data collected in this study suggest this is not necessary for successful implementation; nurses may still successfully introduce and use a CDSS if they perceive it to have benefits to their practice.
Introduction
Clinical decision support systems (CDSS) integrate information (ideally from highquality research studies) with the characteristics of individual patients, to provide advice to clinicians to assist them with their decision making [1] . CDSS vary in their functionality, from 'passive' systems providing information only when requested by a clinician, through to 'active' systems automatically providing patient specific recommendations to a clinician [2] . CDSS have a long history; a systematic review of the impact of CDSS contained 5 studies published in the 1970s [3] . The review identified 100 studies, covering the areas of diagnosis, disease management and drug dosing and prescribing [3] .
Nurses are increasingly using CDSS and there is a significant push in high income countries for the use of CDSS by nurses to be extended. In part, this is because recent changes in the delivery of health care in these countries have led to nurses taking on extended roles previously carried out by junior doctors. For example, in the UK a number of specialist nurses now have responsibility for the management of care of patients with heart failure and diabetes [4] . Nurses are also able to prescribe medication [5;6] , and often run clinics within primary care and outpatient hospital settings [7] . The provision of CDSS has been identified as a way of supporting nurses within their extended roles, to work more autonomously and as a way of improving patient safety [8;9] . Examples of areas where nurses use decision support to help them with decision making about patient care include the management of asthma [10] , diabetes [11] and angina [10] , and triage of patients in first contact care [12;13] .
Organisational influences on technology use
While organisational factors are generally agreed to play an important role in the successful implementation of new technologies within healthcare, a lack of studies exploring this means there is uncertainty as to what these factors are [14] . Because of the complexity of healthcare organisations and the unpredictability of implementation, there is no simple formula for success [14;15] . However, research places emphasis on the notion of 'fit' between the technology and the organisation, achieved through mutual adaptation of the organisation and the technology. Thus, barriers to such adaptation become barriers to the successful implementation of technology. May [16] highlights the importance of an organisation's intention and capacity to effectively integrate the technology into the organisation, suggesting a lack of such will and ability results in reduced likelihood of success. However, trying to change processes through the introduction of technology is seen as a dangerous approach. What is required is flexibility in the process of implementation and in the technology [15] .
Also influencing successful implementation is the culture of the organisation.
Organisations where there is a history of collaboration and team work are more likely to implement technology successfully [17] especially if there is supportive leadership in place.
Studies of implementation argue against treating the introduction of new technologies as a purely technical project and argue for users to be involved in order to allow ownership and the creation of systems that match current or future work practice [15] . Certainly, one systematic review of the impact of CDSS found better performance in studies in which the trial authors had developed the CDSS [3] . While possibly the result of biases in assessing outcomes, this finding could also be the result of having a local champion or having more usable and locally appropriate software. When there is not an adequate 'fit' between the technology and the organisation, and when the technology cannot be easily adapted, users often develop 'workarounds' allowing them to use the technology in a way which fits with their work practice [18;19] .
Another factor which may affect the way in which new technologies are implemented and used by nurses in clinical practice is the education and training which they receive, both in general IT skills and for the specific system being implemented. A recent survey in the UK indicated the majority of nurses use computers regularly at work but more than 50% had received no training in IT within the last six months [20] . Nurses working for NHS Direct (the national telephone triage system used in England and Wales) reported increased confidence in dealing with mental health related calls and more positive attitudes towards their role in dealing with depressed patients following specific mental health training [21] . However, few studies have examined the training given to nurses on the use of specific computer systems and the effect of training on their subsequent use of technology.
Influences on the use of CDSS
Influences on the use of CDSS can be characterised as being at three levels: the computer interface level; the work process level; and the organisational level [22] .
Previous research on the use of CDSS has sought to identify features associated with increased use and acceptance of advice and improved clinician performance and patient outcomes [3;23] . However, such studies have focused on the impact of features at the computer interface level and the work process level [23] . [26] . The aim of this paper is to explore the perceptions of nurses and NHS Trust managers working in NHS organisations on the organisational features facilitating the introduction and successful use of CDSS.
Methods
A multiple case study design was used (ref: Yin). Case studies are an empirical design that focus on describing phenomena within their real life context. The focus of the research was on observing how nurses use CDSS to support different types of decisions, in different contexts.
Settings and Participants
Selection of case sites intentionally focused on case sites that could be considered to be successfully using CDSS, in terms of having integrated use of the CDSS into routine practice. Focusing on 'successful' use of CDSS was motivated by a desire to capture best practice, in order to provide guidance to healthcare organisations wishing to introduce CDSS for nursing staff.
Case sites were purposively selected according to the following criteria:
• The nursing staff within sites varied in terms of their experience and expertise using the systems Potential case sites were identified from the responses to a national survey of CDSS use in nursing [24] . Four case sites agreed to participate in the study.
Case site 1: An anticoagulation management clinic
This case site was an Anticoagulation Team based in a Primary Care Trust (PCT). It 
Data collection
In order to capture both the decision making at practitioner/patient level, and the characteristics of the environment that may support or inhibit the use of new technologies in decision making, data were collected at three levels within each case site. In order to compliment the qualitative data collected at each level, contextual data 
Practitioner/patient level
The purpose of this level of data collection was to gain insight into how new technologies inform nurse decision making in practice, together with nurse and patient views of the usefulness of new technologies in clinical care. A sample of nurse/patient consultations (up to 40) in each case site area was observed, using non-participant observation. Before the consultation, both the nurse and patient consented to being observed. The consultation was digitally recorded, and the researcher made notes of non-verbal behaviours during the consultation related to the study questions, guided by an observation protocol (e.g. when the nurse looked at the computer, the positioning of the nurse and patient in relation to the computer screen).
In case site 4, nurses interacted with the CDSS independently of the patient.
Researchers observed the nurse using the system, either digitally recording how they used the system, or making field notes. For 3 of the interactions the nurse was asked to explain what they were doing, as they were looking through the patient data.
Following ten of the consultations, nurses were asked to answer very brief questions regarding how they perceived the decision task, how adequate the information sources were that they used and if there was anything that could have helped them during the consultation that was not available to them. This interview normally took place immediately after the consultation, in the room where the consultation was held, and lasted approximately five minutes. Up to ten patients were also interviewed following their consultation and again these interviews lasted approximately five minutes.
Patients were asked for their perceptions of the use of technology to inform decision making. In particular, if the nurse used a computer or looked up any information during the consultation, they were asked if they thought it helped or hindered the decision making and how. They were also asked about their general satisfaction with the consultation and their understanding of any decisions that were made.
In case site 4, all of the patients who consented to take part in the study were observed using the CDSS in their own homes and the researchers made field notes during the observation. The patients were then interviewed about their experiences of using the system.
In-depth semi-structured interviews were also carried out with all nurses within a case site who consented to be interviewed. These interviews typically lasted 30 minutes to one hour. The interviews focused on the nurses' experiences of using new technologies to inform their decision making, including their perceptions of its usefulness and how they thought it affected their interactions. They were also asked to reflect on what helped/hindered them in the use of the technology, any education or training they had received, and their perceptions of what education or training they required to use the technology more effectively.
Overall 124 consultations or nurse/patient interactions with the CDSS were observed, 38 patients and 36 nurses were interviewed after their consultation/interaction, and indepth interviews with 19 nurses working with the CDSS in the case sites were carried out. A breakdown of the data by case site is provided in Table 1 . In case site 2, observations of consultations took place in both hospital and community clinics (22 in hospital and 8 in community clinics) with post observation interviews also taking place in both areas (7 in hospital and 3 in community clinics). In case site 4 observations were carried out both on nurses reviewing patient data in the Respiratory Centre and patients using the CDSS in their own homes. In three of the nurse observations, the nurse commented on what they were doing and thinking, as well as answering short questions about the process asked by the researcher.
Clinical unit level
The purpose of this level of data collection was to gain insight into how technologies are introduced at unit level and education and training issues regarding the use of technology. Semi-structured interviews were carried out with individuals who had responsibility for implementing new technologies within the clinical unit, together with other main stakeholders (such as the clinical manager, education provider). These interviews typically lasted approximately one hour.
We carried out a total of 9 Unit Level interviews. A breakdown of those individuals interviewed can be seen in Table 2 .
Trust level
The purpose of this level of data collection was to gain insight into the policies for the 
Analysis
The data was managed with the computer package Atlas-ti. The majority of the data collected in the case study were qualitative and analysed using thematic content analysis (ref: Miles & Huberman). Data were coded and classified according to themes that arose out of the observation and interview data. The codes for indexing the observation data were developed inductively and were distinct for each case site, because of the differing nature of the consultations. In contrast, the codes used for indexing the nurse interviews were derived from the research questions that the case study sought to answer (e.g. index codes relating to how nurses used the CDSS) together with the results of earlier components of the wider project (e.g. index codes relating to the role of experience in how the CDSS was used). However, for each case site, these codes were adapted to reflect the differences in the settings and new codes were created as significant themes emerged.
Findings
The findings presented in this paper draw on the interviews with nursing staff and with unit and Trust level staff, focusing on organisational features facilitating the introduction and successful use of CDSS. The findings relating to how nurses use CDSS in practice are reported elsewhere [26] .
Apparent in the data were a number of general issues at organisational level related to the introduction of IT across the NHS Trusts who participated in the study, as well as specific issues related to the individual CDSS used within the case sites. Therefore, the more general NHS Trust issues are reported first, before relating these to the specifics of the CDSS examined.
Trust processes for technology introduction

Technology introduction: drivers and decision processes
Trust level staff mentioned a range of drivers for the introduction of new technologies. 
.] what's been offered in the private sector [...] is phenomenal compared to what NHS can pay." (CS2 Trust Int2)
Also mentioned was the bureaucracy associated with introducing innovations:
"I think there is this time lag behind what organisations do and what actually practitioners need, the incredible hoops you have to go through to get something different." (CS4 Trust Int1)
Implementation processes
When discussing what is necessary for successful introduction of IT into the NHS, the most commonly mentioned factor was clinician engagement. This ranged from an emphasis on communication to actually having clinicians drive the introduction of new technology. The system also needs to provide an obvious benefit to the user.
"[I]f they can see something that's going to benefit them or benefit the patients that they're dealing with then they're happy to use it. Problems are when you try and force things on people that actually don't improve their working life." (CS4
Trust Int2)
Other factors mentioned by staff across all four Trusts were: the need for integration of new systems into existing systems; the need for robust and usable systems; the need for adequately resourced IT projects and training. Two Trust level staff emphasised it is not just the IT system itself but the systems and processes around the IT system that can affect whether or not the implementation of a system is successful:
"A software can't be implemented without a framework for a service. [...] there must be a supporting mechanism, and it's got to be supported from the highest level, [...] and I think that's the key success factor." (CS1 Trust Int2)
Trust level staff in two of the case sites (both acute Trusts) talked of practical strategies for getting the best out of an implementation. For one Trust, that meant ensuring that money was put aside for 'implementation support', such as training and adaptations to the system, while the other Trust focused on web based systems, so as to reduce the burden of installing software on machines.
Evaluation of technology
Trust level staff acknowledged the importance of evaluating technology, although they were able to give few examples of having evaluated a system within their Trust. Case site 2 appeared to have the most comprehensive strategy, carrying out what they referred to as 'post-implementation reviews':
"6 to 9 months afterwards we go back and do a post-implementation review when we do the survey, the questionnaires, look at the costs, look at the efficiency …and then we produce a report out of that which has a number of recommendations [for improvements to the system]..." (CS2 Trust Int2)
There appeared to be increasing pressure to go back and evaluate a technology after its implementation, although limited capacity hampered the ability to do this:
"We just don't have the time to keep going back, you know, we implement things and then we often do something else." (CS4 Trust Int2)
Education and training needs
Two of the case sites identified IT training as a specific issue needing addressing. One of the case sites focused on providing basic IT skills training, in the form of optional courses staff could attend if they wanted to. Trust level staff recognised providing training to nurses was problematic because it was difficult to release nurses from the wards to attend training sessions:
"[T]hey sign up for the training with all the intention of attending and then that particular shift they might be two or three people missing for some reason, they just can't leave the ward, it's just not clinically safe." (CS2 Trust Int2)
One Trust had attempted to provide training on the wards but felt that this was still less than ideal:
"[Y]ou'll have somebody peering over your shoulder for a minute and then they're off to deal with a patient and then they come back and peer for another minute and then they're off again." (CS2 Trust Int2)
A consequence of the difficulties associated with releasing clinical staff for training is often technology is introduced into areas where individuals do not know how to use a system effectively. One respondent highlighted that this can actually lead to problems with how the technology is subsequently used:
"[T]he worst practices come into play and they get consolidated and passed on to colleagues..." (CS2 Trust Int2)
The Introduction and Implementation of CDSS
Decisions to introduce CDSS
Decisions to introduce the CDSS were either predominantly clinician led or as a reaction to external influences. In case site 1 (anticoagulation clinic) and case site 2 (spinal assessment clinic) decisions appeared to be clinician led. Nurses in case site 1 had used CDSS since 2001, when the anticoagulation service was established. In 2005, due to limitations with the software they had been using, senior nurses took the decision to move to a different software package, as they felt the new software package could accommodate the team's requirements more appropriately. The CDSS used in case site 2 (spinal assessment) developed from a paper-based questionnaire in use when the clinics began. A desire to record information about patients before and after patients started treatment, to see if there was an improvement, motivated the questionnaire. For a number of years, IT students from the local university have done placements in the clinic, creating and subsequently developing the CDSS in liaison with clinical staff.
In contrast, the decision to implement the CDSS in case sites 3 and 4 appeared to be because of a reaction to external drivers. The introduction of CDSS into case site 3 (Walk-In Centre) was part of a national drive from the Department of Health in England;
Trust level staff considered the introduction of the CDSS to be motivated by a desire to support recording of activity. Thus, the introduction of the CDSS involved no process of procurement and choosing between different systems. The CDSS was originally designed as a triage system for use by nurses providing a telephone based information and advice service to patients. In case site 4 the CDSS was introduced as the result of a partnership between the local city council and the primary care trust, who applied for European funding (in collaboration with partners from other EU countries) for the implementation of new technologies to manage an ageing population. Once the PCT had received funding for the study, the PCT approached the Respiratory Centre, who agreed to use the CDSS.
Training
There were variations across case sites in the training provided to nurses to use the CDSS, with nurses who were using commercially developed packages more likely to have received some form of formal education or training. The formal training consisted of 'off-site' training days delivered by either the system provider or an outside company.
Only nurses who were working in the case sites at the time of the CDSS introduction were trained in this way; these case sites now used a system of induction periods, on screen training, booklets and learning from other nurses 'on the job' to teach new members of the team how to use the CDSS. Most of the nurses reported only really learning how to use the CDSS once they had used it in practice. One of the nurses involved in training at the Walk-in Centre mentioned lack of time for update training leading to nurses using the system in different ways and not always getting the most out of the system. In case site 2 (spinal assessment), where the nurses used a locally developed system, none of the nurses had received any training on the use of the CDSS. However, the nurses found the system easy to use and did not feel training was necessary.
In discussing education and training needs, unit level staff seemed less concerned with training in how to use the software and more concerned with more general training and support to develop the nurses' decision making skills. In case sites 1 and 3, the nurses have an 'advisor' they could contact with queries, while in case site 2, the consultant was able to support the nurses. However, unit level staff acknowledged this need for support decreased over time:
"These days it's just two or three calls a week [from the nurses] and it's usually [a patient] who is just very very difficult to anticoagulate, to stabilise." (CS1 Unit Int3)
In case sites 3 and 4, there was less perceived need for such support, possibly because the nurses had been working confidently in these roles prior to the introduction of the CDSS.
Additional organisation level features
A supportive environment
In two of the case sites the supportive nature of the team within which the nurse worked was identified by the nurses as an important factor for both using the CDSS and for making decisions more generally. In case site 1, although the nurses worked 
A concern for process improvement
While not something identified by staff themselves, what did stand out in three of the settings was the desire of unit level staff to continuously improve the nature of the service provided to patients. For example, in case site 1, the unit level staff were looking to do 'in reach' work with the local hospital so as to improve communication and provide guidance, while in case site 2 the unit level staff were keen to audit their work so as to identify areas for improvement.
Similarly, Trust level staff described a range of future plans for technology implementation; case site 1 was particularly interested in telecare and making use of remote monitoring technologies, case site 3 felt the way forward was more integrated technology, and case site 4 were concerned with other uses of the remote monitoring technology.
Discussion
Organisational features associated with CDSS use
The aim of this paper was to explore the organisational features that appear to influence successful CDSS use in nursing. Although nurses were observed (and reported) using the CDSS in ways probably not envisaged by the original designers of the system [26] , all of the nurses who participated in this study considered the technology they used to be useful. Nurses had 'normalized' the CDSS into their working practices [16] , developing strategies to deal with perceived inflexibility in the systems they used. In this way, the CDSS examined in this study can be considered as successful implementations.
A number of organisational features appearing to facilitate the successful use of CDSS across the four case sites were identified, including the role of clinical involvement, general organisational strategies for the procurement, implementation and evaluation of IT and organisational culture.
Most studies examining the successful implementation of health information technology highlight the importance of engaging clinicians in the process [17] . Other studies have discussed the problems arising when clinicians are not engaged fully in the process of decision making and implementation of health IT systems [15] . The results of the study reflect the key role that clinicians play in the successful use of CDSS; the majority of NHS Trust managers highlighted the importance attached to involving clinicians in the process of decision making and implementation around the introduction of new technology.
However, the engagement of the nurses with the process of introducing CDSS in each of the case sites varied. In two of the case sites the nurses themselves had been the drivers for developing the CDSS or had taken the decision about the system to use. In the other two sites nurses (and other Trust staff) had had very little input into either the procurement decisions about which CDSS to use, or involvement in the ensuing implementation process. However, in both case sites, the perceived benefits the nurses could identify to their practice of using the CDSS appear to have offset this lack of involvement in selecting and implementing the system. Thus, while engaging nurses in decision making around the introduction of CDSS can facilitate successful use of the system, successful integration of a CDSS into practice may occur even in situations where such engagement does not take place.
Research examining the successful implementation of technology in health care has also highlighted the importance of 'fit' between the technology and the organisation, ensuring the technology chosen can be adapted to the needs of the working environment, and that it is recognised that implementation is not just a 'technical' Organisational culture is an important factor in the successful implementation of technology [17] . Although not formally measured in this study, it was apparent from the data the importance staff attached to working in a collaborative, team environment.
Many of the nurses mentioned the supportive nature of environment where they worked and valued the encouragement given to them by NHS managers to innovate and improve their practice. The nurses in this study valued the CDSS they used as a tool to help them with improvements in their practice, and the benefits the CDSS had brought were highly valued.
Limitations of the research
The study was carried out in four case sites identified as being innovative in their This study examined the use of CDSS in organisations where the implementation could be considered 'successful', and the CDSS was in use. The data is relevant in terms of examining nurses' use of such technology once use of the technology is established, but cannot provide insights into the processes of implementation initially used to introduce the technology into the organisations in the first place.
The focus on successful use of CDSS could also be considered a limitation of this study, as it is not possible to determine to what extent absence of the organisational features identified in the study results in failure to use CDSS successfully.
Conclusion
This paper has provided a description of some of the characteristics of NHS Trusts where nurses were successfully using CDSS in their clinical practice. Through this description, the intention is not to suggest a simple formula for the successful introduction or use of new technologies such as CDSS. Even the NHS Trusts who participated in this study indicated they experience challenges when attempting to adopt technology such as CDSS, particularly in relation to training and technology evaluation. However, the analysis does suggest certain organisational characteristics, such as those described above, are associated with the successful introduction of new technologies for supporting nurse decision making and possibly the successful introduction of new technologies more generally. When taken as a whole, those characteristics represent a socio-technical approach to the introduction of technology [28] . Table   What  Awareness of the issues around implementation of technology integrated into the organisational culture appears to lead to successful technology use.
Summary
 A supportive and collaborative team environment appears to contribute to successful technology use.
